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Comparison of Adenovirus Types 2 and 5 Hexons by
Immunological and Biochemical Techniques (Accepted 4 September I97o )
The adenovirus hexon has been shown by several workers (Wilcox, Ginsberg & Anderson, 1963; Valentine & Pereira, I965; Norrby, I966) to correspond to the main cross-reactive antigen shared by all adenovirus serotypes of mammalian origin. However, purified preparations of hexon induce the production of homotypic virus neutralizing antibodies (Wilcox & Ginsberg, I963; Kasel et al. I964, I966; Kjell6n & Pereira, T968; Norrby, I969) suggesting that this virus component contains type-specific as well as group-specific antigenic determinants. This suggestion is supported by results of immonodiffusion tests reported by K6hler 0965). Pettersson, Philipson & H0glund (I968) on the other hand, reported failure of purified hexon of adenovirus type 2 to induce virus neutralizing antibody. Fig. i . Immunodiffusion test. Left: centre well, antiserum to crystalline adeno 2 hexon; top left and bottom right wells, crystalline type 2 hexon; top right and bottom left wells, crystalline type 5 hexon. Right: centre well, antiserum to crystalline adeno 5 hexon; top left and bottom right wells, crystalline type 2 hexon; top right and bottom left wells, crystalline type 5 hexon.
The crystallization of hexons from human adenovirus types 2 and 5 provided us with the conditions to investigate the immunological and biochemical properties of this virus component with highly purified materials.
Hexons of adenovirus types 2 and 5 were crystallized according to the methods described by Pereira, Valentine & Russell (1968) . Crystals were thoroughly washed with o'5 M-KH2PO4
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Short communications followed by distilled water and dissolved in o-o~ M-borate-NaOH buffer, pH 9"0 containing o.~ M-NaC1 and o'5 % sodium azide. This solution was recrystallized in O'5M-KH2PO4 and the crystals washed and redissolved as above. Antisera were obtained from rabbits inoculated with dissolved crystals emulsified in complete Freund's adjuvant. Each animal was given two intramuscular doses in separate sites on the first day, a third dose on the Ioth to r4th day and bled 7 days later. Animals inoculated with as little as 2o to 3o #g. of protein responded with marked antibody rises. Figures represent reciprocal of the highest serum dilutions capable of neutralizing Io 2 TCD 5o.
Reciprocal immunodiffusion tests of antisera of adenovirus types 2 and 5 crystalline hexons against the respective antigens are shown in Fig. I . In agreement with findings previously described by Kohler 0965), it is seen that each antiserum reacts with both antigens giving in each case a reaction of partial identity with a spur indicating the presence of a homotypic as well as a heterotypic antigenic determinant in each hexon preparation.
Virus neutralization tests performed in HeLa cell cultures (Table I) In order to obtain further evidence distinguishing the hexons of adenovirus types 2 and 5, these materials were studied by peptide mapping.
Samples (4"o mg.) of each type of crystalline hexon dissolved in o.oIM-borate-NaOH buffer, pH 9 containing O-IM-NaCI and o'o5 % sodium azide were precipitated by adding four volumes of ethanol at room temperature. The precipitated proteins were dissolved in 1% sodium dodecyl sulphate (SDS) solution (I.o ml.) and denatured by heating in a boiling water bath for 3 min. The denatured proteins were again precipitated with ethanol and a trace of NaC1 and the precipitates were washed four times with ethanol to remove the SDS. The protein precipitates were then suspended in I-O ml. of water and the pH of each was adjusted to about ten by adding dilute ammonium hydroxide. Crystalline trypsin (Sigma Chemical Co., 2 x crystallized) (50 #g.) dissolved in o.ooI M-CaC12 (50/~1.) was then added to each sample and these were then incubated at 37 ° for 6 hr. The protein precipitates dissolved completely after incubation for I hr.
The digested proteins were then dried in a current of nitrogen and the peptides were dissolved in pyridine-acetic acid-water (IO: o.4: 9o) buffer, pH 6"5 (25/zl.). Insoluble material was removed by centrifuging, and the soluble peptides were mapped by two-dimensional electrophoresis and chromatography as described previously (Laver, i969) .
Photographs of the peptide maps are shown in Fig. 2 . Several clear-cut differences (two of which are arrowed) can be seen between the maps of the two types. These differences are thought to be due to differences in the amino acid sequence of the hexon protein from the two types rather than to variations from the peptide mapping technique used. Replicate peptide maps from type 2 or 5 hexons were exactly reproducible, right down to the most faintly staining peptides. . Two-dimensiortal separation of the tryptic peptides (soluble at pH 6"5) from the hexons of adenoviruses types a (upper) and 5 (lower). In each case 4"0 nag. of protein was used. Electrophoresis at pH 6-5 on Whatman number 3 ram. paper was followed by ascending chromatography in pyridine-isoamylalcohol-water (35:35:3o). Peptides were stained with ninhydrin. The circle drawn in the top right-ha~qd comer of each map shows the position of the phenol red marker added to the peptides before mapping. Arrows point to two obvious and reproducible differences between the maps of the two types. A number of other differences can also be seen.
differences of the same order in papain finger prints of the hexons of adenovirus types 2 and 5-Samples of each of the two types of crystalline hexon which were used in the peptide mapping experiments were examined by polyacrylamide gel electrophoresis using a method described previously (Laver, Wrigley & Pereira, I969) . The stained gels shown in Fig. 3 reveal a single band in each sample. (Fig. 2) . Samples of the hexons were dissolved by heating to 100 ° for 2 to 3 rain. in tris-borate buffer, pH 9, containing sodium dodecyl sulphate and 2-mercaptoethanol, and electrophoresed on 6 ~ polyacrylamide gels. Left, adenovirus type 2 hexon; right, adenovirus type 5 hexon. 
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The group-and type-specificity of immunodiffusion and virus neutralization tests respectively, indicate that the hexon may contain at least two different antigenic determinants, one of which is common to all types while the other--concerned with virus neutralization-is type-specific. The differences in amino acid sequence (revealed by the peptide mapping experiments) between type 2 and type 5 hexons may occur on those regions of the molecule carrying the type-specific antigenic activity, but this remains to be determined. Mill Hill, London, N. W. 7 
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